Data from the Census Bureau's Demographic Analysis (DA) show there was a net undercount of almost one million children under age 5 in the 2010 Decennial Census. The net undercount for young children was more than twice as high as any other age group. Given the high net total undercount of young children it would be useful to know how this net undercount is distributed geographically. In this study, the 2010 Decennial Census county-level counts of children age 0 to 4 are compared to corresponding figures from the Census Bureau's Vintage 2010 population estimates, to ascertain census coverage for young children. Results show that net undercount rates for young children are higher in larger counties and counties with high percentages of Black or Hispanic children but county growth rates do not seem to be related to net undercount rates for young children. Discussion explores how this information may be helpful in the 2020 Census.
Introduction
Several studies have shown that young children have had relatively high net underco unt rates in the past several U.S. Decennial Censuses (West and Robinson, 1999; O'Hare, 1999; O'Hare 2009 , O'Hare 2012a O'Hare 2014a; O'Hare 2014b , O'Hare 2014d , O'Hare 2014e, U.S. Census Bureau 2014 . Data from the Census Bureau's Demographic Analysis (DA) show the net undercount of 970,000 children age 0 to 4 in the 2010 Decennial Census. The net undercount rate for the population age 0 to 4 was 4.6 percent which is more than twice as high as any other age group (O'Hare 2015) .
Given the relatively high nationwide net undercount rate for young children, it would be useful to have a better understanding of the geographic differences in census coverage rates for young children. This study addresses the geographic variation in census coverage by examining the net undercount estimates for young children for all the counties or county equivalents in the U.S. number of births, deaths, and net migration. This study examines geographic differences in census coverage rates for young children by comparing the Census Bureau's Vintage 2010 population estimates for the population age 0 to 4 to the 2010 Decennial Census counts across counties in the U.S. The methodology employed here, comparing population estimates to the Census, are only valid for the population under age 10, because the Vintage 2010 population estimate s for people age 10 and older are linked to census counts in the 2000 Census so they are no t independent of the census.
This study focuses on the population age 0 to 4, because the 2010 DA analysis shows this age group had a larger net undercount than any other age group including age 5 to 9. The 2010 national undercount rate for the population aged 0 to 4 based on Demographic Analysis is 4.6 percent compared to 2.2 percent for age 5 to 9.9 (O'Hare 2015). Therefore, it is important to examine the population age 0 to 4 separately.
First, a description of the population estimation methodology for counties is presented and data sources are identified. Then differences between 2010 Decennial Census counts and Vintage 2010 county population estimates for the population age 0 to 4 are explored. Variations by county size, county population growth and r acial composition are explored. This is followed by sections discussing limitations and some of the implications of the findings.
Background
The high net undercount among young children was discovered in the 1940s, early in the history of DA. Coale (1955) found children age 0 to 4 had a high net undercount rate in the censuses of 1940 and 1950 . Additional research by also found a significant net undercount of children age 0 to 4 in the 1950 and 1960 Decennial Censuses. Coale and Zelnick (1963) discovered high net undercount rates for young children in the U.S. censuses as far back as 1880. Coale and Rives (1973) found very high undercount rates for young Black children in every dece nnial census from 1880 to 1970. Genealogical research also shows a pattern of underreporting young children as far back as the 1850s (Adams and Kasakoff, 1991) . Despite these early studies, there has been a dearth of studies addressing this topic.
The net undercount rate for the population age 0 to 4 is not only higher than any other age group, it has been increasing over the past several decades. O'Hare (2014e) shows that the net undercount rate for young children rose from 1.4 percent in 1980 to 4.6 percent in 2010. During the same period, the net coverage rate for adults (age 18+) went from and undercount of 1.4 percent to a net overcount of 0.7 percent in 2010. This underscores the importance of examining undercounts of the population age 0 to 4 in more detail (O'Hare 2014e).
Research on subnational assessments of the U.S. Census results are limited. However, following the 1970 Census, Siegel, Passel, Rives and Robinson (1977) examined census coverage for states and for various population groups grouped by race and age. They used several different approaches with varied results.
After the 1990 Decennial Census, Robinson, Bashir, Das Dupta, Woodward (1993) offered a set of undercount estimates for states for the total population (all ages) but the estimates are only evaluated at the regional level. The authors also proposed alternatives for evaluating the 2000 Census at the state and sub-state levels and listed several reasons such an evaluation is needed.
After the 2000 Census, Adlakha et al (2003) utilized U.S. Census Bureau Population Estimates to assess the state-level Decennial Census counts for the population age 0 to 9. However, their analysis did not go below the regional level and did not show data for the population age 0 to 4 separately. Cohn (2011) compared the state Census Bureau Population Estimates to the 2010 Census counts for the total population (i.e. all ages) but did not break out young children separately. Cohn concludes that the Census counts and the Population Estimates are very similar for most states in terms of total population.
Mayol-Garcia and Robinson (2011) examined state population differences in age 0 to 4 and age 0 to 9 populations in the 2010 U.S. Decennial Census but only provided limited results and did not explore any patterns. Regarding the state-level data on the net undercounts of the population age 0 to 4, Mayol-Garcia and Robinson (2011, page 3) note, "The relatively large differences noted nationally for 0-4 year olds are observed at the state level as well." O'Hare (2014c) examined 2010 census coverage rates at the state level for the population age 0 to 4 and found substantial variation in coverage rates across the states. He also found several characteristics of states that were statistically significantly correlated with differences in coverage rates. O'Hare (2013 ) also provides limited preliminary descriptive analysis of net census coverage rates for young children at the subnational level. The short descriptive studies by O'Hare are expanded in this present study.
The present analysis extends the work done by previous researchers by examining 2010 county-level census coverage rates for the population age 0 to 4.
Methodology and Data Sources
The DA methodology used to assess census accuracy at the national level compares the census results to an independent population estimate to ascertain undercounts and overcounts for the total population and for selected age, sex, and racial/Hispanic groups. One of the major limitations of the Demographic Analysis technique for measuring the Census undercounts for most demographic groups is that it can only be applied at the national level because population estimates for those over age 10 include census errors from the previous census.
The estimation methodology employed by the Census Bureau for post-census population estimates uses data from the previous census in its estimates for all age groups that were included in the previous census, so the 2010 popul ation estimates for groups age 10 and higher are not independent of the Decennial Census. Coverage errors from the previous Censuses are reflected in subsequent population estimates. If the population age 20 to 24 was undercounted by 10 percent in 2000, for example, and the population age 30 to 34 was undercounted by 10 percent in 2010, comparing the 2010 Population Estimates to the 2010 Census counts might make it look as if there were no undercount in 2010, because the 2010 population estimate for age 30 to 34 is based on aging a cohort that was undercounted by 10 percent in 2000.
The DA methodological approach is well-suited for analyzing census coverage of young children. With respect to the results of the 2000 Census evaluation for the count of young children, the U.S. Census Bureau (2003, page v) The favorable view of the DA methodology is related to the simplicity of the method and the quality of the key data, that is, births and deaths. Overall, nearly all (99.6 percent) of the estimated population from the national DA estimates for those age 0 to 4 in 2010, comes from birth data (U.S. Census Bureau, 2010b) . Dependence on birth certificate data and the high quality of birth certificate data provides a strong foundation for county population estimates for the population age 0 to 4. The birth and death data used in the Census Bureau's DA estimates come from the U.S. National Center on Health Statistics (NCHS) and these records are widely viewed as being accurate and complete (Devine, Sink, DeSalvo and Cortes, 2010) .
The Vintage 2010 Population Estimates have these same favorable qualities as DA. The biggest difference between DA and county population estimates is the inclusion of migration across counties. Migration between counties is captured in the Census Bureau administrative records technique which uses federal tax records to estimate such migration (U.S. Census Bureau, 2012d).
The Vintage 2010 Population Estimates provide data for everyone under age 10, but only the population age 0 to 4 are examined here. (Vintage 2010 refers to the year of the estimates, not the year in which the estimates were published.)
The county population estimates are derived using the formula in Equation 1 which is taken from U.S. Census Bureau (2013d). 
The Data
The Vintage 2010 Population Estimates used here are taken from the Census Bureau's file labeled "Annual County Resident Population Estimates by Age, Sex, Race, and Hispanic Origin: April 1, 2000 to July 1, 2010." The file is also labeled "CC-EST2010-ALLDATA." The file was released March 2012 and it is available on the Census Bureau's website at http://www.census.gov/popest/research/eval-estimates/eval-est2010.html. These estimates incorporate the results of special censuses and successful local challenges during the previous decade.
This file contains yearly estimates for 2000 through 2010, but only the estimates from April 1, 2010, are used in this study. These estimates have a great deal of demographic detail such as sex and racial/Hispanic groups, but only the figures for the total population age 0 to 4 are used here.
The data from the 2010 Decennial Census are taken from Table QT-P1 in Summary File 1. The data were obtained through American Factfinder available on the Census Bureau's website. The data for the population age 0 to 4, were taken from this file.
Only counties that had data available from three sources ( Census, 2010 Census and Vintages 2010 Population Estimates) were used in the analysis. Three small Counties (Kalawao County, Hawaii; Loving County, Texas; and Bedford City, Virginia) were not included in the analysis because there were problems with the data. For example, there was no population age 0 to 4 in Kalawao County, Hawaii, in the 2010 Census. There also a handful of small counties that had no comparable data in both the 2000 and 2010 Census so they were removed. There were 3,133 counties or county equivalents used in the analysis. The District of Columbia is treated as a county in this analysis.
The estimate of the net undercount rate for ages 0 to 4 from the DA analysis is 4.6 percent (O'Hare 2015). Based on the county estimates the net undercount rates for ages 0 to 4 was 5.0 percent. This difference is related to when final data on births and deaths statistics become available from the National Center for Health Statistics for the two sets of estimates.
For showing coverage in this paper, I utilize the model used by Velkoff (2011) Other studies sometimes report net undercounts as positive numbers (Mule, 2012; Robinson and Adlakha, 2002) .
The terms undercounts and overcounts are used here to reflect differences in a particular direction. When the Census population count is lower than the population estimate, it is referred to as an undercount. When the Census count is higher than the population estimate it is referred to as an overcount. This language is not precise because the differences include estimation errors as well as census coverage, but it greatly simplifies identifying and communicating patterns because it identifies the direction of differences. That similarity has been taken as a sign of a high-quality census (Groves, 2011) . In reality, the similarities across all three sources mask big counter-balancing differences across age groups.
For the population age 0 to 4, the DA estimates and the Vintage 2010 Population Estimates are very similar (21,263,000 for the population estimate and 21,171,000 for the May 2012 revised DA estimate). More important than the small difference between the Population Estimates and the DA estimates is the fact that both are substantially higher than the 2010 Decennial Census count (20, 201, 000) .The difference between the DA estimates and the Census counts is -4.6 percent for the population age 0 to 4 and the difference between the Vintage 2010 Population Estimates and the Census counts is -5.0 percent.
The consistency of the Vintage 2010 Population Estimates and the DA estimates at the national level underscores the suitability of using the Vintage 2010 Population Estimates to examine the subnational geographic distribution of the net undercount of young children.
Tabular Analysis
Results are shown for groups of counties rather than for individual counties. This is consistent with the advice of Adlakha et al. (2003, page 34 ) "In general, the coverage analysis has been carried out for aggregations of counties, because benchmark estimates have certain unmeasured deficiencies, the effect of which is dampened when data are aggregated for higher geographic levels." Groupings of counties was also used by Yowell and Devine (2013) as well as Davis (1994) in examining the quality of total population estimates for counties. When counties with random estimation error are combined, the random errors often cancel each other out. In this study, aggregated data from the Census counts and the Vintage 2010 Population Estimates are compared to detect differences in groups of counties. Table 2 show the counties are almost evenly split in terms of having an overcount or an undercount of young children, although it should be recognized that many of these overcounts and undercounts were very small and probably not different than zero in any meaningful way. In sixteen counties the Population Estimate and the Census Count were exactly the same so they do not show up an overcount or an undercount in Table 2 . Table 2 provides several measures of differences between the Vintage 2010 Population Estimates and the 2010 Decennial Census counts for counties for the population age 0 to 4. The average county had an overcount of 1.1 percent for the population age 0 to 4. Since this is quite different that the national undercount rate of 5.0 percent for this age group, it indicates that the national rate is driven by high undercount rates in large counties. The mean numerical difference between Decennial Census Counts and the Vintage 2010 Population Estimates for the population age 0 to 4 is -339. This reflects the relatively large undercounts in the counties with undercounts compared with the r elatively small overcounts in the counties with overcounts.
Data in
Some of the errors cancel each other out in calculating the mean, so it is important to examine the size of absolute differences. From that perspective, the mean difference between the Vintage 2010 Population Estimate and the Census Counts was 7.4 percent and the mean absolute numeric difference between the Vintage 2010 Population estimate for age 0 to 4 and the 2010 Census count for this age group is 419. Table 3 shows differences between 2010 Vintage Population Estimates and Census Counts by county size based on total population in the 2010 Census. The size categories employed here are those used by Yowell and Devine (2013 , Table  7 ).
County Size
International Journal of Social Science Studies Vol. 5, No. 9; 2017 16 The pattern across size categories is pretty clear. The aggregate undercount rate is higher in larger counties and lower in smaller counties. In the three smallest size categories used here there is an overcount of young children. The patterns is seen visually in Figure 1 . Table 3 shows that 128 counties with half a million more people had a net undercount rate of 7.8 percent for the population age 0 to 4. In the ten largest counties in the country the mean net undercount rate was 11.3 percent (data not shown here). . Table 3 show that the net undercount of the population age 0 to 4 is highly concentrated. The 128 largest counties (those with total populations of 500,000 or more) account for more than 80 percent of the national net undercount for people age 0 to 4. The concentration of undercounted young children in these 128 counties is a product to the large number of young children who live in those counties and the high net undercount rate in those counties. About half of the young child population in the country live in the largest 128 counties and the net undercount rate for these counties (7.8 percent) is more than 50 percent higher than the nationwide undercount rate for age 0 to 4. 
Data in

County Population Change
It would be useful to know if the net undercounts for the population age 0 to 4 are higher in counties that are growing more rapidly. Table 4 shows aggregate 2010 Census coverage of children age 0 to 4 for county groups based on total population growth rates from 2000 to 2010. The categories used here are those used by Yowell and Devine (2013 , Table  8 ).
All categories of counties experienced a net undercount of young children. Some groups of counties had higher net undercount rates than others but it is difficult to detect a pattern related to county growth patterns. It may be noteworthy that the 35 counties the experienced growth rates of 50 percent of more between 2000 and 2010 had a net undercount rate of only 1.7 percent which is much lower than any other group of counties. It is not clear why this group of counties had a markedly lower net undercount rate than other counties. 
Race and Hispanic Origin Status
The DA results for 2010 show that there was a net undercount of 7.5 percent of Hispanics age 0 to 4 and a net undercount rate of 6.3 percent for Blacks Alone or in Combination in this age group (O'Hare 2015) . A recent update (Jensen, Benetsky, & Garrow 2016) showed the net undercount of Hispanic children age 0 to 4 in the 2010 Census was 6.5 percent. Consequently, one would expect counties with relatively large numbers of Hispanics and/or Blacks Alone or in Combination would have higher net undercount rates for the population age 0 to 4.
The In the next section of this report which shows correlational analysis, it is clear that combining Black and Hispanic into one group is a more powerful predictor than using either separately. Therefore, counties are categorized based on the combined population of Blacks and Hispanics in this part of the analysis. This results in a slight double counting of black Hispanics, but it is doubtful this would have much impact on the outcome of the analysis. The percent Black or Hispanic are used to sort counties into categories based on the percent of the county population age 0 to 4 that is Black or Hispanic. Table 5 shows aggregate census coverage rates for these groups Table 5 shows there is a clear pattern with respect to relative minority population size in a county and the net undercount rate for young children. The higher the percent of Blacks and Hispanics in a county, the higher the net undercount rate. For counties where the percent Black and Hispanic is more than 50 percent, the net undercount rate was 9.1 percent. For counties with relatively small percentages of Blacks or Hispanics there were net overcount rates for age 0-4 in the 2010 Census. Figure 3 shows the patterns graphically.
Correlational Analysis
All the factors examined in this section are continuous variables and therefore amenable to correlational analysis. Pearson Product-Moment Correlation Coefficients are shown first and multiple regression analysis follows.
The demographic literature indicates that population estimates are usually more accurate for larger counties than for smaller one (Felton, 1986; Davis, 1994 , O'Hare, 1988 . Moreover, when one is trying to estimate a relatively small subpopulation like those age 0 to 4, the challenge is even more difficult. Consequently, it is reasonable to expect that the differences between the 2010 Decennial Census counts and the Vintage 2010 population estimates for many small counties are fraught with random error. Therefore, data for individual small counties are not used in this study.
First the analysis includes all counties then the analysis is repeated with only the largest counties. Given the level of estimation errors for the population age 0 to 4 in smaller counties, it is reasonable to believe the correlations for all counties may be confounded. Analysis of larger counties (250,000 or more in total population) where estimates are more accurate may help sort out relationships. Table 6 shows the correlations between county size, county growth, and county racial composition with net undercount rates for the population age 0 to 4. All correlations shown in Table 6 are statistically significant.
Using all counties in the analysis, the correlation between census coverage rate for the population age 0 to 4 and size of county population (total population) is -0.14. Since undercount rates are expressed as negative number this means larger counties are correlated with bigger undercounts for the population age 0 to 4. But the overall correlation may be depressed by significant estimation errors in smaller counties. Among 261 counties with a total population of 250,000 or more the correlation between the undercount rate and county population size is -0.32. Larger counties are associated with bigger undercounts for the population age 0 to 4. Table 6 shows the correlation between county growth rates and census coverage rates for young children. The correlation coefficients for county growth rates, are relatively small (-.08 for all counties and +.015 for large counties). Also, the coefficient changes signs between the analysis of all counties and the analysis based only on large counties. This suggests that the relationship shown for all counties may be confounded by estimates errors in the small counties.
Three different measures of county racial composition are used here to look at Black and Hispanics separately and collectively. Table 6 shows that for all counties the correlations are in the expected direction (negative correlations for every minority group) but they are relatively modest in size. Correlations across the groups range from -0.18 to -0.31.
For large counties (those of 250,000 or more people) the correlations are in the predicted direction but much higher in magnitude than those for all counties. Consistent with findings from O'Hare (2014c) there is a higher correlation when Blacks and Hispanics are combined (-0.64) into one measure of minority population than for either Blacks (-0.34 for Non-Hispanic Black alone) or Hispanics (-0.43) although all the correlations are statistically significant. It is possible that the higher correlation of the combined Black and Hispanic variable reflects the fact that Blacks are the dominant minority population in most of the Southeastern states and Hispanics are the dominant minority population in most Southwestern states. Consequently, combining the two groups together captures the dominant minority population in more counties. Finally, the main independent variables examined above are used in a multiple regression analysis to try and estimate their independent relationships with net undercounts for the population age 0 to 4. Table 7 shows the inter-relationships among the main independent variable and indicators that none are highly correlated so multicollinearity is not a problem. The model is run once with all counties and again with only the largest counties, that is those with a population of 250,000 or more. The results of the multiple regression analysis are shown in Table 8 . All of the standardized coefficients are statistically significant, but there is substantial variation in the magnitude of the coefficients.
The results indicate that racial composition is a more powerful predictor of net undercount for age 0 to 4 at the county level than county size or county growth rate. Again the relationships seen in the analysis including only the larger counties are more pronounced than those for all counties.
Examining the Adjusted Multiple R-squared ta the bottom of Table 8 indicates that the independent variables employed here are much more predictive of net undercount rates for young children in larger counties than all counties. The set of independent variables explains 45 percent of the variation in net undercount rates for young children in larger counties but only 10 percent in all counties.
It is also interesting that the relationship between county growth and net undercount rates changes sign between the analysis of all counties and the analysis of larger counties. This reinforces that idea that determining relationship based on all counties may be difficult because of the estimates errors in small counties.
Limitations
The results of this study rely on the comparison of Vintage 2010 Population Estimates with 20 10 Census counts for counties. As noted earlier, the difference between the Census counts and the Population Estimates reflect estimation errors as well as census coverage. This is a notable problem for individual counties, particularly smaller counties, but it is mitigated when counties are grouped together. While the estimates presented here involve some estimation error, these figures are the best data available to understand the geographic distribution of the young children missed in the 2010 Census.
The higher levels of estimation error for small counties reinforces the importance of examining larger countie s separately from all counties. Devine and Yowell (2013 , Table 7 ) for that for counties of 250,000 to 500,000 people the Mean Absolute Percent Error (MAPE) is 1.47 and for counties of 500,000 or more people the MAPE is 1.50. Consequently more of the difference between the Population Estimates and the Census count for counties in these size categories is accounted for by the net undercount not estimation error.
Discussion and Implications
This study extends a set of analyses that address one of the biggest problems in terms of the accuracy in the U.S. Decennial Census, namely the high net undercount of young children. Previous studies have identified young children (age 0 to 4) as the age group with the highest net undercount in the 2010 U.S. Decennial Census (O'Hare 2015). Analysis here addresses the geographic distribution of the net undercount of young children.
All of the correlations examined here are more pronounced for larger counties than all counties which probably reflects the impact estimates errors in smaller counties (see Tables 6 and 8 ). This suggest that further research examining county characteristics and net undercounts for age 0 to 4 should be focused on larger counties.
The analysis indicates that the net undercount of young children is concentrated in the largest counties in the country. The concentration of the net undercount of young children in a relatively small number of large counties is a product of the large number of young children who live in those large counties and the relatively high net undercount rate for young children in those counties.
The findings here suggest that planning for the 2020 Census should focus on households with young minority children located in large counties. The potential impact of such a focus can be shown in the following way. If the counties with total populations of more than 500,000 had the same undercount rate for age 0 to 4 as all counties in the 2010 Census, the net undercount of young children would have been reduced by 300,000 and the net undercount rate would have been a little over 3 percent.
The evidence presented here also indicates that the net undercount rate for children age 0 to 4, is higher in counties with relatively large minority populations. But it is not clear if this relationship is direct or spurious. For example, it is likely that counties with high percentages of Blacks or Hispanic also have high poverty rates. According to Schwede et al (2014, p 293-294) , " Though there is no reason to believe that race or ethnicity in and of itself leads to coverage error, it seems that some underlying variables associated in past studies with undercounting may also be correlated with race ( e.g. mobility, complex living situations, and language isolation)."
In future research it would be useful to try and untangle the web of relationships between minority status and hard-to-count characteristics to better understand what is driving the high net undercount rate of young children in counties with high percentages of Black or Hispanics. However, such research is likely to be complicated because of the high correlations between percent minorities and other characteristics related to undercounts such as poverty rates. 
Summary and Conclusions
The data examined here indicate that the national net undercount rate for the population age 0 to 4 varies substantially across counties. About half of all counties had a net undercount and half had a net overcount of the population age 0 to 4. Moreover, the data show that larger counties account for the vast majority of the national net undercount for the population age 0 to 4. In the 128 largest counties based on total population, there was a net undercount of 823,000 persons age 0 to 4 which accounts for more than 80 percent of the nationwide net undercount for this age group. This information about where the net undercount rates for young children are the highest should help the U.S. Census Bureau prepare for the 2020 Decennial Census. The data presented in this study will help the Census Bureau pinpoint the places that deserve special attention in the 2020 Census.
